International-University of North Carolina Evidence-based Practice Center (RTI-UNC EPC). Literacy and health are of particular concern to the American Medical Association (AMA), which originally nominated the topic. Our systematic review consolidates and analyzes the body of literature that has been produced to date regarding the relationship between literacy and health outcomes and the evidence about interventions intended to improve the health of people with low literacy.
Methods
We examined two key questions in this review.
• We searched several databases, using terms such as "literacy" and "health literacy" and, in some cases, "numeracy" and the name or accepted acronym for standardized tests of literacy related to health outcomes (e.g., WRAT, REALM, and TOFHLA). For MEDLINE ® , our primary database, we had to rely on key word searches because no MeSH ® headings specifically identify literacy-related articles. Other databases included the Cumulative Index to Nursing and Allied Health (CINAHL ® ), the Cochrane Library, the Educational Resources Information Center (ERIC), the Public Affairs Information Service (PAIS), and the Industrial and Labor Relations Review (ILRR). We reviewed Web-based bibliographies and sought inputs from our Technical Expert Advisory Group (TEAG) and external peer reviewers for articles that we may have missed.
Beginning with a yield of 3,015 articles, we retained 684 from a review of titles and abstracts. Following complete review of full articles, we determined that 73 articles were relevant to address our key questions and met our inclusion/exclusion criteria.
We graded the quality of individual articles using an approach based on domains and elements appropriate for intervention and observational studies:12 study population, intervention, comparability of subjects, literacy measurement, maintenance of comparable groups, outcome measurement, statistical analysis, and appropriate control of confounding;we also noted funding source (but did not include that information in any numeric score). We also rated the strength of overall evidence, for the two key questions separately, in three domains: quality of the research; quantity of studies, including number of studies and adequacy of the sample size; and consistency of findings.
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Results
Key Question 1: Relationship of Literacy to Various Outcomes and Disparities
We identified 44 articles addressing relationships between literacy and use of health care services, health outcomes, costs of health care, and disparities according to race, ethnicity, culture, or age. Study designs, data analysis, and presentation varied widely. The number of participants enrolled ranged from 34 to 3,260. Literacy was most often measured with the REALM (13 studies), TOFHLA or S-TOFHLA (11), or WRAT (6) . Literacy levels used to compare study participants varied widely among studies. Most studies reported the unadjusted (bivariate) relationship between literacy and the outcome of interest; 28 adjusted for at least one covariate, chiefly age and education. The quality of articles reviewed for these key questions was fair to good. The overall strength of evidence ranged from II (studies of strong design but remaining uncertainty because of inconsistencies or concern about generalizability, bias, research design flaws, or adequate sample size, or consistent evidence from studies of weaker design) to III (the number of studies was too limited to rate the strength of the literature).
1a. Health Care Services. Six studies measured the relationship between literacy levels and knowledge of the use of health care services: mammography, 14 cervical cancer screening, 15 childhood health maintenance procedures and parental understanding of child diagnosis and medication, 16 emergency department discharge instructions, 17 "Heart Health Knowledge," 18 and informed consent. 19 All but one 16 demonstrated a statistically significant association between higher literacy level and knowledge of matters relating to use of these health services.
In two studies that prospectively evaluated the risk of hospitalization according to literacy status, inadequate literacy (relative to adequate literacy) was significantly associated with increased risk of hospitalization. 20, 21 In adjusted analyses, however, another study found no significant relationship between literacy and number of self-reported health care visits among subjects recruited from emergency rooms and walk-in clinics. 22 Two studies dealt with the relationship between literacy levels and three measures of health promotion and disease prevention interventions (screening for sexually transmitted diseases, cancer screening, and immunizations). 23, 24 In adjusted analyses, a reading level at or above the ninth grade was associated with a 10 percent increase in the probability of having a gonorrhea test in the past year. 23 Adjusted analyses of cervical and breast cancer screening rates indicated that women with inadequate literacy had significantly greater odds of never having had a Pap smear or no mammogram in the past 2 years. 24 An adjusted analysis showed that patients with inadequate literacy had significantly higher odds of not having had either an influenza or a pneumococcal immunization compared to patients with adequate literacy.
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1b. Health Outcomes. Ten studies used knowledge either as one of several outcomes or as the only outcome in regard to several behaviors or conditions: smoking, 25 contraception, 26 human immunodeficiency virus (HIV), [27] [28] [29] [30] hypertension, 31 diabetes, 31 asthma, 32 and postoperative care. 33, 34 In general, these studies found a positive, significant relationship between literacy level and participants' knowledge of these health issues.
Three studies evaluated the relationship between literacy and smoking. 25, 35, 36 In adjusted analyses, the largest study (n = 3,019) found a significant relationship between low literacy and various measures of smoking among adolescent boys and girls. 36 Low reading ability was significantly associated (unadjusted analyses) with smoking among adults waiting for child-related services in private and public clinics. 35 However, unadjusted rates of smoking among 600 pregnant women did not differ by literacy status. 25 Two unadjusted cross-sectional studies found a positive, significant relationship between higher literacy and likelihood of breast-feeding. 35, 37 Another study determined, in adjusted analyses, that patients with higher literacy had significantly better metered dose inhaler techniques than those of lower literacy. 32 The odds of having misused alcohol were significantly higher among boys but not girls with lower literacy levels. 36 Two other studies dealt with child behaviors. In adjusted analyses, youth from low-income neighborhoods who were more than two grades behind expected reading level (Slosson Oral Reading Test) were more likely than others to carry a weapon including a gun, take a weapon to school, miss school because it was unsafe, and be in a physical fight that required medical treatment. 38 Reading ability was an independent predictor of teacher-reported problem behavior, even after adjustment for early problem behavior and family adversity, and was lower at higher levels of family adversity. 39 Four studies evaluated the relationship between literacy and adherence to medical regimens or clinical trial protocols; [40] [41] [42] [43] two found no significant relationship. 42, 43 Regarding medication adherence, lower literacy was significantly associated with a greater odds of self-reported poor adherence among patients taking antiretrovirals for HIV infection. 41 A more rigorous study, however, found no relationship. 43 Three studies assessed the relationship between literacy and diabetes outcomes. 31, 44, 45 Two found statistically significant associations: first, parents' scores on the National Adult Reading Test (NART) were correlated with glycemic control among their children; 44 second, in adjusted analyses, lower S-TOFHLA scores were related to worse glycosylated hemoglobin (HbA1c) levels and reports of retinopathy and cerebrovascular disease. 9 Neither of two studies identified an independent relationship between literacy and presence or control of hypertension. 31, 46 One research group reported on the relationship between literacy and control of HIV infection in three cross-sectional studies (about 60 percent of patients participated in all three studies). 27, 29, 47 Unadjusted analyses produced mixed results: better reading was associated with greater odds of undetectable viral load in two studies 27, 29 (but not in a third 47 ) and also greater odds of having a CD4 count greater than 300. 27 Five studies evaluating the relationship between literacy and self-reported depression yielded mixed results. 18, [47] [48] [49] [50] Four found statistically significant associations between lower literacy and higher rates of depression in various patient populations: persons in a cardiovascular dietary education program, 18 mothers, 49 HIV-infected patients, 47 and persons with rheumatoid arthritis. 50 Adjusted analyses in the fifth, and largest, study, however, did not show a significant relationship between literacy and depression among Medicare managed care patients. 48 Another study found no significant relationship between literacy and "emotional balance" among patients receiving informed consent for a bone marrow transplant. 51 Literacy was not associated with functional status among patients with rheumatoid arthritis, 50 presence of migraine headaches among children, 52 or presentation with late-stage prostate cancer (in adjusted analyses). 53 Four cross-sectional studies evaluated the relationship between literacy and a global health status measure. 10, 22, 54, 55 Two found a significant association between lower literacy and worse health status in adjusted analyses of adult patients, 22, 54 and one found a similar association in unadjusted analyses of elderly patients. 53 In unadjusted analyses of data from a crosssectional study of men with prostate cancer, black patients were significantly more likely than white patients to present with late-stage cancer; after adjusting for literacy, the researchers reported a smaller odds ratio that was no longer statistically significant.
Key Question 2: Interventions for People with Low Literacy
In all, 29 articles described interventions to mitigate the effects of low literacy on health outcomes, using randomized controlled trials, nonrandomized controlled trials, and uncontrolled, single-group "before-and-after" studies. The number of participants enrolled ranged from 28 to 1,744; most studies had between 100 and 500 participants. Of these 29 studies, 19 measured the literacy of each participant: REALM (10 studies), WRAT (4), and various other instruments (5);criteria to define literacy level categories varied across studies. The remaining 10 studies involved populations known from previous research or clinical assessment to have a large proportion of people with poor literacy skills. We characterized the general quality of these articles as fair. The overall strength of evidence was either III or IV (no study addressed the question).
2a. Health Care Services. The only article addressing question 2a concerned preventive services. In a nonrandomized controlled trial, an intervention consisting of a 12-minute video, coaching tool, verbal recommendation, and brochure significantly improved mammography utilization at 6 months (but not 24 months) compared with the verbal recommendation and brochure alone. 57 2b. Health Outcomes. Most studies addressing health outcomes focused on improvements in knowledge. In most cases, participant knowledge improved after receiving the intervention. In five studies, investigators measured patient literacy and stratified the effect of the intervention by literacy status.
In a controlled trial among patients at a sleep apnea clinic, participants with low literacy appeared to display higher knowledge with a videotape educational tool than with a brochure written at a readability level similar to the videotape's script, but this conclusion is limited by methodological problems with multiple comparisons. 58 In another study, women of lower literacy understood illustrated materials about cervical cancer better than text materials. 59 In a randomized trial among cancer patients to examine the effect of an interactive videodisc to improve self-care of cancer fatigue symptoms, patients who received the intervention reported greater self-care ability, but this effect was not significantly related to the literacy level. 60 Another controlled trial compared a locally developed pamphlet about polio vaccine designed for patients with low literacy and a pamphlet from the Centers for Disease Control and Prevention that had also been designed for easy readability; 57 patients with lower literacy did not differ in their comprehension of the two pamphlets. Finally, a randomized trial of 1,100 patients compared the effectiveness of educational materials on colorectal cancer screening (videotape or easy-toread brochure intended to be appropriate for people with low literacy) to usual care. 61 Patients receiving either intervention had significantly greater improvements in knowledge scores after reviewing the educational materials than did the control group; both low-and high-literacy groups that received either intervention showed significantly improved knowledge between the pre-and posttests, but rates of improvement in the two literacy groups did not differ significantly.
Several studies of the effect of interventions on health behaviors produced mixed results. Pregnant smokers and exsmokers who received a specially designed intervention with materials written at the third grade reading level were more likely to achieve abstinence during pregnancy and 6 weeks postpartum than those who received standard materials; effects were greater among current smokers at entry than among exsmokers. 62 A community-based osteoarthritis intervention improved exercise behavior in a 6-week, before-and-after uncontrolled trial. 63 Medication adherence among patients 65 years and older improved over time when they were given verbal teaching about medication compliance; adding a colorcoded medication schedule did not provide additional benefit. 64 Interventions addressing dietary behaviors produced small or no changes. [65] [66] [67] [68] Several studies used changes in biochemical or biometric markers to test the effect of their interventions. Participants in a specially designed workplace hypertension education and behavior change program had modest differences in blood pressure levels compared with those for nonparticipating controls. 69 Special cardiovascular nutrition or dietary interventions did not achieve significant differences in postprogram cholesterol levels for low-literacy patients. 67, 70 Finally, a randomized trial of a special educational intervention for patients with diabetes did not produce significant differences in HbA1c levels or weight loss. 71 Few studies examined the effect of interventions on health outcomes that people can actually feel. An uncontrolled beforeand-after trial found that an osteoarthritis education intervention could improve the functionality of people with osteoarthritis. 63 The only study to examine the effect of an intervention that included direct literacy-skill building demonstrated that a comprehensive family services center, compared with standard Head Start, could improve parental reading skill and reduce the prevalence of paternal depression. 
Discussion
General Conclusions
Our review includes material different from that in previous reviews of literature of health literacy; in addition, it excludes important articles because they did not address our two key questions. Earlier reviews reached conclusions similar to ours about the general relationship between literacy and health; 2, 73 our rigorous approach should give readers confidence in the conclusion that low reading skill and poor health are clearly related. Conclusions about the effectiveness of interventions to mitigate the effects of low literacy remain less well supported at this time.
Future Research
Use of a wide variety of literacy measures and cutpoints for analysis and a wide range of outcomes made comparisons among studies difficult. Measurement techniques for lowliteracy populations warrant additional development and refinement. Of special importance are investigating whether and how literacy affects self-report of use of health care or health outcomes and designing questionnaires that are valid and consistent across literacy levels.
One limitation of the knowledge base to date is lack of appropriate specification for analytic models when variables being considered as potential confounders actually mediate the effect of reading ability on important health outcomes. Future research can build on previous work by examining more closely and rigorously the factors that mediate this relationship. For example, investigators could examine whether poor reading ability is really the cause of adverse health outcomes or whether it is a marker for, say, low socioeconomic status, poor selfefficacy, low trust in medical providers, or impaired access to care. Such information is crucial to designing and testing intervention studies.
Current research is heavily weighted toward studies with limited or no longitudinal component. The predominance of cross-sectional study designs for studies of literacy and health relationships makes it impossible to measure incident outcomes or assign cause and effect. Thus, more prospective cohort studies that measure changes in outcomes and literacy over time will provide a greater understanding of the relationships among literacy, age, and health outcomes and the extent to which changes in health status actually affect literacy.
Intervention studies have focused mostly on short-term knowledge outcomes rather than on more meaningful health outcomes. Future studies could link these short-term knowledge changes to important health outcomes.
Moreover, many interventions involve multiple components, but use of multimodal interventions inhibits understanding of which portions produced positive effects. Analysis that isolates the individual effect of the key components could help determine "how much" intervention is enough to improve health. Documenting the importance of low patient literacy in chronic illness programs and understanding how to mitigate its effects are further important research avenues to foster understanding of how health system changes can positively affect literacy-related barriers.
Many interventional studies did not stratify outcomes by literacy level. Researchers should take this analytic step so that they can draw appropriate inferences about whether the intervention worked specifically among low-literacy individuals and helped to ameliorate differences in outcome according to literacy status. Studies could also determine whether measuring or stratifying outcomes by numeracy provides greater predictive ability for health outcomes than measuring and stratifying outcomes by literacy alone.
Investigators should compare interventions directed specifically at reducing literacy-related barriers with other means of improving health outcomes. Investigators in this field tend to focus on literacy as the variable of interest and, thus, often assume that improved written communication can improve health outcomes. Improving information delivery alone may, however, not mitigate the observed relationship between low literacy and poor health. Addressing self-efficacy, self-care, trust, or satisfaction may increase understanding of effective strategies for addressing poor health outcomes.
Provider-patient communication interventions that go beyond written materials may also prove to be a valuable avenue for future research. Investigations designed to teach physicians to use a "teach-back" method or other communication styles will aid understanding of whether and how they can improve outcomes.
Poor descriptions of interventions and lack of reporting how health outcomes were assessed, particularly whether questionnaires were presented in ways that would allow accurate responses by participants with limited literacy, hampered synthesis of this literature. Another drawback to the current literature is lack of use (or at least incomplete reporting) of appropriate statistical measures (e.g., use of P values without measures of magnitude or confidence intervals), which made it difficult to determine if null findings represent true lack of effect or limitations in power. Thus, reporting of study interventions, statistics, and results should be improved.
Finally, both the concept of health literacy and its role in health care use and health outcomes need further evaluation. The current literature focuses on reading ability and health; taking a patient-centered approach that addresses challenges in navigating the health care system and providing self-care may enrich understanding of health literacy and ultimately how to measure and improve it.
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